SUMMARY Tryptophan, 5-hydroxyindoleacetic acid and indoleacetic acid were measured in cerebrospinal fluid, taken during pneumoencephalography, from a large series of patients, the majority of whom were epileptics, most of them receiving anticonvulsants. CSF indoleacetic acid reflects CNS tryptamine metabolism in the same way that CSF 5-hydroxyindoleacetic acid reflects CNS 5-hydroxytryptamine metabolism. Our data suggest that (i) the brain tryptophan content is an important factor in the control of both 5-hydroxytryptamine and tryptamine synthesis (ii) brain 5-hydroxytryptamine metabolism exhibits a U-shaped relationship with age (iii) the mean brain tryptophan content and rate of 5-hydroxytryptamine metabolism are greater for women than men (iv) indoleamine metabolism is unaffected in untreated epileptics compared with non-epileptics, but anticonvulsant drugs decrease the rate of 5-hydroxytryptamine metabolism.
Measurement of amine related compounds in the cerebrospinal fluid (CSF) is the most commonly used method for studying biogenic amine metabolism in the human CNS. For the indoleamines, the concentration of tryptophan in the CSF is a reasonably good index of the CNS tryptophan content,1 while the concentration of 5-hydroxyindoleacetic acid (5HIAA) in the CSF reflects CNS 5-hydroxytryptamine (5HT) metabolism.2 3 Recently we have shown that indoleacetic acid (IAA) in CSF reflects CNS tryptamine metabolism.4 5 Tryptamine, a minor metabolite formed by the action of aromatic amino acid decarboxylase on tryptophan ( We have now measured tryptophan, 5HLAA and IAA in the first (lumbar) and last (cisternal) CSF samples taken during diagnostic pneumoencephalography. This was done in order to determine what influence tryptophan availability, the age and sex of the patient, epilepsy, and anticonvulsant drugs might have on 5HT and tryptamine synthesis in the CNS of man.
Methods
CSF was collected from patients undergoing diagnostic pneumoencephalography at the Montreal Neurological Hospital. The procedure was done on the fasting patients, without premedication, between 9 am and 12 noon. The first 2 ml of CSF was used for routine diagnostic purposes and the next 2 to 6 ml were collected for analysis of indoles. This sample was derived from the lumbar sac, which in humans has a volume of about 15 mI,8 and will be referred to in this study as lumbar CSF. Oxygen was then injected until the lateral ventricles contained oxygen. Some CSF from this compartment was thus displaced down into the basal cisterns, and when most of the oxygen had been injected (average of 60 ml), a second sample of CSF (6 to 8 ml) was collected through the lumbar needle. This last sample consisted mainly of fluid that was originally in the basal cisterns and was displaced into the lumbar sac. It is referred to in this study as In the patient who had higher IAA in the cisternal CSF, or between tryptophan or IAA and age in either CSF compartment. Table 3 shows the concentrations of indoles in the CSF of males and females. All the mean values are higher for females than males but this is only statistically significant for tryptophan and 5HIAA in cisternal CSF and for 5HLAA and IAA in the lumbar compartment. Thus, as with the interrelationships between the indoles, results are different in the lumbar and cisternal CSF compartments. The differences between males and females, that are seen for the whole group, were also found when the sample was divided into non-epileptics, untreated epileptics and treated epileptics. However, for these sub-populations the groups were smaller and none of the differences between males and females were significant at the 5 % level. Table 4 shows the effect of epilepsy and anticonvulsant drugs on indoles in CSF. There are no significant differences between non-epileptics and untreated epileptics in either lumbar or cisternal CSF. Anticonvulsant drugs seem to lower 5HIAA in lumbar CSF, as significantly less was found in All values are given as mean ± SE in ng/ml. In the discussion below, the studies that are cited used variants of the simple fluorometric method unless otherwise specified.
Sex differences

Epilepsy and anticonvulsant drugs
The origin of indoles in CSF The gradient we found for 5HIAA in CSF, with higher levels in the cisternal compartment, has been reported previously. 24 (table 2) . Thus, tryptophan availability does not appear to be the controlling factor for IAA in lumbar CSF (although it may still be involved in the control of spinal cord tryptamine synthesis). The most likely possibility is that IAA levels are strongly influenced by the CSF 5H1AA content, through competition for the transport system which removes these compounds from CSF. 5HIAA and other aromatic amino acids are removed from the CSF by probenecid-sensitive active transport systems which are present both in the choroid plexuses24 and in the cortical and spinal subarachnoid spaces.25 26 There is no evidence for such a transport system in the basal cisterns. Presumably therefore, the transport system will influence 5HIAA and IAA levels more in the lumbar CSF than in the cisternal CSF. This could explain why the correlation coefficient between tryptophan and 5HIAA is higher in the cisternal CSF than in the lumbar CSF. The competitive inhibition of one compound by another for the transport system out of CSF will be influenced by two factors, the concentrations of the compounds in CSF and their affinities for the transport system. Nothing is known about the relative affinities of 5HIAA and IAA for the transport system. However as IAA is present in smaller concentrations than 5HIAA in lumbar CSF, it may be that the 5HIAA will influence the CSF IAA level, through competitive inhibition of IAA transport out of CSF, but not vice versa. Our data suggest that transport has a more important influence on amine metabolite levels in lumbar CSF than in cisternal CSF. Thus,"the basal lumbar CSF concentration of any acid metabolite of a biogenic amine that is present in small amounts (<5 ng/ml) probably does not reflect CNS metabolism of the parent compound unless the metabolite has a high enough affinity for the transport system so that it is noc affected by competitive inhibition from other metabolites. Lumbar CSF IAA declines in depressed patients given nortriptyline,22 but this probably does not mean that nortriptyline influences CNS tryptamine metabolism; this change may be a consequence of the decline in CSF 5HIAA. As nortriptyline lowers CSF 5HIAA, possibly by decreasing 5HT turnover, there will be less inhibition of the transport of IAA out of the spinal subarachnoid space. The implication of this observation is that, to obtain the greatest information from measurements of trace amine metabolites in lumbar and ventricular CSF, the transport system should be blocked with probenecid. This probably does not apply to cisternal CSF, where our data suggest that transport is less important.
Age differences
Several studies have reported relationships between lumbar CSF 5HIAA and age. In three studies, 5HIAA increased significantly with age'9 27 28 but in a fourth study a pronounced U-shaped relationship was found, with minimum values in the age range 40-50 years. 29 The fact that we found no relationship between age and lumbar CSF 5HIAA concentration in this study, with a large sample and using an accurate assay system, suggests that the increase with age reported previously may have been due to the fact that, with increasing age, there is an increase in CSF of compounds which interfere with the simple fluorometric assay. The quadratic relationship we found in the cisternal samples (fig 2) , although not very pronounced, was statistically significant. Its presence in the cisternal rather than in the lumbar samples suggests that it reflects changes in the metabolism of 5HT with age, and not changes in the activity of the transport system which removes 5HIAA from the CSF. This view is supported by data from the study of Ashcroft et al. 16 They found a quadratic relationship between lumbar CSF 5HIAA and age, very similar to that in fig 2, but only after the patients had received a load of tryptophan. If the quadratic relationship is due to a similar relationship between 5HT metabolism and age, then variation in one of two factors is presumably responsible, either the brain tryptophan content, or the activity of tryptophan hydroxylase. The absence of any relationship between CSF tryptophan and age in this study suggests that the enzyme activity might alter with age. The lack of any age-related change for lAA agrees with the results of Asberg et al.23
Sex differences
Our data on sex-related differences in amine metabolites in CSF indicate that CNS 5HT metabolism is greater in women than in men (table 3) . Gottfries et a/27 found no difference between lumbar CSF 5HIAA in men and women. Asberg et al,23 using a mass spectrometric method, and Post and Goodwin,30 both found that the mean lumbar CSF 5HIAA of depressed women was 4-5 ng/ml higher than the mean for depressed men. However, with smaller groups than in this study these differences were not statistically significant. Post and Goodwin30 also measured CSF 5HIAA after probenecid administration. They found that the accumulation of 5HLAA was 50% greater in women than in men, a significant difference. In our study there was a difference in the mean values for men and women of about 6 ng/ml in both lumbar and cisternal samples (table 3) . Wode-Helgodt and Sedvall3' found a significant negative correlation between height of the subjects and lumbar CSF 5HIAA concentration. They suggested that this relationship could be due to a greater surface area for acid metabolite transport in tall individuals. As men tend to be taller than women, this could explain part of the difference in CSF 5HIAA in lumbar CSF. However, we feel that a height difference is not the complete explanation. Firstly, although a height difference may show up in lumbar CSF it is unlikely to be seen in cisternal CSF. However, we did see a sex difference in the cisternal samples (table 3) . Secondly, the height difference was attributed to a difference in the surface area for transport, whereas the sex difference was seen even when the transport system was blocked with probenecid.30 For these reasons we feel that the different CSF 5HLAA levels in men and women probably reflect primarily differences in CNS 5HT metabolism rather than differences in the transport system which removes 5HLAA from CSF. This is of interest because of the possible role of low brain 5HT in depression and the fact that tho incidence of depression is greater, not smaller, in women than in men.
The fact that 5HIAA is higher in women can be explained partly by greater precursor availability, as the tryptophan level also is higher, and significantly so in the cisternal samples ( 
Conclusion
The data presented in this paper illustrate the advantages in using a precise method for quantitating several biochemically related compounds in CSF and applying it to samples from a large series of patients. It also illustrates the benefits of using samples taken during diagnostic pneumoencephalography when CSF derived from the basal cisterns, as well as the lumbar sac, can be obtained. In spite of the increasing use of computerised tomography, CSF is still available in many centres. Measurements on lumbar CSF sometimes provide more information on metabolism in the spinal cord than in the brain and our data indicate that the concentration of amine metabolites in the CSF can be influenced by transport more in the lumbar than in the cisternal compartment. Thus, the cisternal sample obtained in pneumoencephalography is particularly valuable. In this study we have used it to show that brain 5HT metabolism in humans can be influenced by age, sex and precursor availability, while brain tryptamine metabolism was affected only by availability of tryptophan. 
